(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(43) International Publication Date (10) International Publication Number 

17 October 2002 (17.10.2002) pCT WO 02/080964 A 1 

(51) International Patent Classification^: A61 K 39/106, (81) Designated States (national): AE. AG. AU AM AT AU 
A61P 31/04, A61K 39/385 AZ, BA, BB. BG. BR, BY. BZ, CA. CH. CN. CO.'cr! CU,' 

CZ, DE, DK, DM, DZ, EC, EE, ES. FI, GB, GD. GE, GH, 

(21) International Application Number: PCT/IB02/02184 GM, HR, HU, ID. IL, IN, IS, JP, KB, KG, KP, KR, KZ, LC. 

LK. LR, LS. LT, LU, LV. MA, MD, MG, MK, MN, Mw! 

(22) International Filing Date: 5 April 2002 (05.04.2002) MX. MZ. NO, NZ, OM, PH, PL, PT, RO, RU, SD. SB, SO, 

SI. SK, SL. TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ. 
(25) Filing Language: English VN, YU, ZA, ZM, ZW. 

(2ti) Publication Language: English (M) Designated States (regional)'. ARIPO patent (GH, GM, 

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG. ZM, ZW), 

(30) Priority Data: Eurasian patent (AM, AZ, BY, KG, KZ. MD. RU, TJ, TM), 

60/281,783 6 April 2001 (06.04.2001) US European patent (AT, BE, CH, CY. DE. DK, ES, FI, FR, 

GB, GR, m, IT, LU, MC, NL, PT, SE, TR), OAPI patent 

(71) Applicant (for all designated States except US): INSTl- ^» QA, GN, GQ, OW, ML. MR. 
TUT PASTEUR [FR/FR]; 28. rue du Doctenr Roux, NE. SN, TD, TG). 

F-75724 Paris (FR). 

Published: 

(72) Inventors; and — with, international search report 

(75) Inventors/Applicants (for US only): FOURNIER, Jean- — l^ore the expiration of the time limit for amending the 
Michel [FR^]; 62, rue de Bercy, F-75012 Paris (FR). claims and to be republished in the event cf receipt of 

BOUTONNIER, Ala in [FR/FR]; 15 1. rue do Chateau des amendments 



Rentiers, F-75013 Paris (FR). 

Agents: CABINET ORES ei _ _ _ „ 

F-75008 Paris (FR). ning of each regular issue of the PCT Ga^tte. 



Fin- two-letter codes and other abbreviations, refer to the "Guid- 
(74) Agents: CABINET ORES et a].; 6. Avenue de Messine, ance Notes onCodes and Abbreviations" appearing at the begirt 



3 (54) Title: CONJUGATE VACCINE COMPOSED OFTHE POLYSACCHARIDE MOIETY OFTHE UPOPOLYSACCHARIDE 
^ OF VIBRIO CHOLERAE 0139 BOUND TO TETANUS TOXOID 

00 

^ (57) Abstract: A conjugate made of the polysaccharide moiety (0-speci£ic polysaccharide + core) of the lipopolysaccharide (LPS) 
of y. cholerae OI39 (pmLPS) was prepared by derivatjzation of the pmLPS with adipic acid dihydiazide and coupling to tetanus 
^ toxoid (TT) by cari)odiimide-mediated condensation. Said conjugate elicited high levels of IgG antibodies, peaking 3 months after 
the first immunization and declining slowly during the following 5 months. TT alone, or as a component of conjugate, induced 
^ mostly IgG antibodies. Antibodies elicited by the conjugate recognized both capsular polysaccharide (CP) and LPS from V choferae 
^ 0139, and were vibriocidal. They were also protective in the neonatal mouse model of cholera infection. The conjugation of the 
^ 0139 pmLPS, therefore, enhanced its inununogenicity and confened T-dependent propeities to this polysaccharide. 



lOCID: <WO__O2080964Al_L> 



WO02A)80964 PCTAB02/02184 

■ ' ■ 1 ■ 

CONJUGATE VACCINE COMPOSED OF THE POLYSACCHARIDE MOIETY 
OF THE LIPOPOLYSACCHARIDE OF VIBRIO CHOLERAE 0139 BOUND TO 

TETANUS TOXOID. 

5 Since the appearancie of Vibrio cholerde 0139 in the suburb of 

Madras in October 1 992, epidemic cholera caused by this strain has spread rapidly 
throughout the Indian subcontinent (1). Clinical illness associated with V. cholerae 
0139 infection appears to be virtually identical to that due to V. cholerae Ol El Tor 
infections. However, in contrast to infection with V. cholerae Ol, V. cholerae 0139 
10 infection has largely affected the adult population in V. cholerae Ol endemic aieas, 
indicating a lack, of protective immunity agamst this newly evolved strain (1). 
Presumably, there are differences between the immxme lesjwnses against Ol and 
0139 strains, which may be of considerable importance in tenns of protection (33). A 
quiescent period followed the at^earance of V. cholerae 0139 and it was thought that 
15 it was a one-time event However, there was an upsurge of cases in Calcutta in 1996 
and the 0 139 serdgroup again became the dominant setogtoup causing cholera in 
India by September 1996 (32). The 0139 serogroup has remained present in India and 
Bangladesh since this last outbreak (15) and requires careful monitoring. 

The epidemic and pmidemic potential of V. cholerae 0139 poses a 
20 serious threat to developing countries, and a vaccine against this novel strain is 
therefore required. The absence of cross-protection between V. cholerae Ol and V. 
cholerae 0139 serogroups, documented in rabbits either inununized with live bactnia 
(2) or passively protected with sera of convalescent cholera patients (33), suggested 
that protection against cholera is LPS-specific. This is supported by &e correlation 
25 observed between the protective effect of rabbit 0139 antisera and anti-LPS Abs titers 
(25). 

It has been suggested fliat the emergence of V, cholerae 0139 is tiie 
result of a complex chromosomal rearrangement involving the horizontal transfer of 
genes encoding enzymes involved in O-specific polysaccharide (O-SP) biosynthesis 
30 (3, 8, 14, 43). Indeed, the major differences betwen V. cholerae Ol and cholerae 
0139 reside in their cell surface components. V. cholerae 0139, unlike V. cholerae 
0 1 , expresses capsular polysaccharide (CP) (43, 46). Both the structure of the CP and 
that of the lipopolysaccharide (LPS) fiom V. cholerae 0139 have been characterized 
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(Fig. 1) (.1. .2. 28. 36). Although. 0.39 LPS and CP sh« *. s»« «pe.t unl. orfy 
U,e CP is po.yn..rized (12). Nevenheless, CP and LPS 3h« common ^.»P« (43^ 

septal oral cholera vaccines, either inactivated or hve attenoated, 
have been developed «, elicit protecUon ag^ns. this new serogroup of K cHol^ae 
5 OO. 23. 40. 44). Various suhceiiuiar .^ons of V.cHoUr.. « 

Lhcutaneously have be«, evaluated in the rabbi, ilea, loop .node, of exper.»»^ 
Cholera, and dte immune response direC^i against the 0139 serogroup anf^ 
appeared to be detemunant for protecdve immunity (4). It has been p^posed *a. 
r .gO antibodies (Abs) confer protection against enteric diseases by tnacuv^ 
no L inoculum on the mucosa, sur^ (3S). Systemic ^toinistratoa of IgO A^ 
tcinc for the O-SP of . cW.. 0. .as found to prote^ n^o^^ 
L of weight and death following intragastrai chaUenge wtth V. cHoUraeOl (5). A 
K .^oe OI39 CP-tetanus toxoid conjugate vaccine induc«l ^ 
«bbit ilea, loop mode, of experimental cho.era (24). More ,ecent.y V. 
15 CP conjugated with a .^.mbinan. mutant diphtheria toxin was shown to eltchtgh 

13 serum anti-CP , go in mice widt vibriocida. ^-^tivity (30). Other 

based on po.ysacch.ride-pm.cin cot^ugate to p«ven. choier. ^ devCoped 

in this study, a conjugate ptepared with die pc.ysaccharide moiety 
20 (0-SP * core) of the LPS (pmlPS) ftom K c»o/er« 0139 bound to tetanus toxoid 

cm has been synthesized. -n« synthesis, characterization and immunologic 

properties in mice ofthis conjugate were assessed. ^ 

Said conjugate v»=cin. eiicits and-0139 Abs m mKe; *e 
immunologic properties of mese Abs were also smdied. As observed in 
a5 L various Oram-negative bacteria, the K pmLPS is attach^ to i^J^ 

Tportion of the molecule through Kdo (12, 48). This bond is cUaved by mtld «^ 
hydrolysis (Fig. 1) to release a polysaccharide bearing a Kdo re^due a. «s^ 
eld (^). Tlte use of the carboxyUc group of the Kdo moiety for poiysacchart*. 
prol coupling results in a saccharide with a sin^e termina. active sttc fbr 
30 r«jugation. ™.sing.e-e„d activated pmLPS showed a Wghpo^al^r™ 

vaccine: (i) the 0.39 specific ^.tigemc de.e.minan,(s) are conserved; u) .. ts *e 
simplest conjugate configuration in which polysaccharide ch^ns rad»« fiom .he 
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protein carriers; (iii) the coupling procedure is the easiest to control, producing well- 
defined non-crosslinked, water soluble conjugate molecuJes of known configuration 
(22). 

It has been shown that . phenol-water extraction of capsulated 
5 bacteria yields a mixture of LPS and CP in the aqueous phase (11, -28, 37, 46). To 
confirm the effective separation of LPS from CP after further purification steps, these 
two types of cell surface polysaccharide were identified by tricine SDS-PAGE using 
differential staining. Only the rapidly migrating material, corresponding to LPS, was 
silver stained, but the slowly migrating forms of the 0139 antigen were not This 
10 resuh is consistent with the previous observation that 0139 CP is not stained with 
silver (34). It is thought that the silver staining of polysaccharides depends on the 
presence of periodate-sensitive cis-hydroxyl groups in the monosaccharide residues 
(9). Thus, as the 0139 CP repeating unit, unlike the LPS core, lacks cis-hydroxyls 
(1 1, 12, 28, 36) it is not silver stained. However, this CP, which is acidic, is stained by 
15 the cationic dye, Alcian Blue. 

The various aspects of the present invention are based upon the 
discovery of the properties of the polysaccharide moiety (O-SP+core), also named 
pmLPS, of the LPS fi-om V. cholerae 0139 and more specially of a conjugate prepared 
with this polysaccharide moiety bound to tetanus toxoid (TT). 
20 Therefore, the invention provides an immunogenic composition 

against Vibrio infection comprising an G-SP unit of LPS of Vibrio associated to a core 
molecule of LPS of Vibrio or a polymer of said composition. 

As used herein, a **polymer'' of the composition of the invention 
means a composition comprising several, at least two, O-SP+core (pmLPS) linked by 
25 any means one to another or together. 

According to a preferred embodiment of said immunogenic 
composition, the O-SP unit associated to the core molecule of LPS of Vibrio is part 
of a conjugate further comprising a carrier protein. 

Carrier proteins are known fi-om the one skilled in the art. Examples 
30 of bacterial carrier proteins are diphteria toxins, tetanus toxoid. . . 
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Preferably: 

- the Vibrio O-SP unit and core molecule are bound to the carrier 
protein of the conjugate by a covalent Imk. 

- the carrier protein is a bacterial protein, for instance tetanus toxoid. 
5 According to another preferred embodiment of said immunogenic 

composition, it further comprises an adjuvant and/or a pharmaceutically acceptable 
carrier. 

Adjuvants and pharmaceutically acceptable carriers are known from 
the one skilled in the art. 
10 Examples of species from Vibrionacae family are : K alginolyticus^ 

K cholerae^ V. cincinnatiensis^ V. diabolicus^ diazotrophicm^ V. harveyiy V. logei^ 
K natriegens, V. nereis, V, splendidus, K tubiashii, V. halioticoli, V. ichthyoerUeri, K 
pectenicida and K wodanis. 

According to yet another preferred embodiment of said 
15 immunogenic composition, the LPS is from Vibrio cholera, more preferably from 
Vibrio cholera serogroup 0139, 

According to yet another preferred embodiment of said 
immunogenic composition, the O-SP unit and the core are from two different Vibrio. 

The present invention also includes a vaccine composition 
20 comprising an O-SP unit of LPS of Vibrio associated to a core molecule of LPS of 
Vibrio or a polymer of said composition, said vaccine composition being protective 
against infection from Vibrio. 

According to a preferred embodiment of said vaccine composition, 
it is protective against infection from J^brio cholerae, preferably against mfection 
25 from Vibrio cholerae serogroup 0139. 

The invention ftirther includes a method for preparing a conjugate as 
defined above, i.e. comprising an O-SP unit associated to the core molecule of LPS of 
Vibrio and a carrier protein, comprising: 

a) providing LPS from Vibrio\ 
30 b) hydrolyzing the lipid A-core linkage for obtaining an O-SP unit 

associated to a core molecule; 
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c) derivatizing the 0-SP unit associated to the core molecule of 

step b); 

d) bounding the derivatized the O-SP unit associated to the core 
molecule of step c) to a carrier protein; 
5 e) collecting the O-SP unit associated to the core molecule bound to 

the carrier protein in step d). 

According to said method, the O-SP unit associated to the core 
molecule is bound to the carrier protein by a covalent link. 

More preferably, in said method: 
10 - the carrier protein is a bacterial protein. 

- the bacterial protein is tetanus toxoid. 

- LPS of step a) is from Vibrio cholerae^ more preferably fix>m 
Vibrio cholerae serbgroup 0139. 

The derivatization ratio of pmLPS, an essential step in the coupling 
15 procedure of the invention, was lower than usual with other polysaccharides (13, 16). 
Nevertheless, the polysaccharide/protein ratio (0.99 mol/mol) obtained herein was 
sufficient for a strong IgG response in immunized mice. The unconjugated pm-LPS 
elicited mostly IgM Abs, whereas only low levels of IgG anti-LPS Abs were detected. 
This response was similar to those previously reported for polysaccharides tested in 
20 mice (45). In contrast, the pmLPS-TT conjugate elicited mostly IgG anti-LPS Abs, 
which were boosted following reimmunization. Moreover, after the fourth 
immunization, a high level of these IgG Abs was maintained for 5 months* It was 
found that pm-LPS-TT had typical T-dependent properties. Similar results have been 
obtained with O-SP from several other enteric bacterial pathogens (7, 29). 
25 Interestingly, Abs obtained in mice imriiunized with pmLPS 

conjugated to TT recognized both O-SP and CP purified from V cholerae 0139. This 
result is entirely consistent with the observation that CP and LPS share common 
epitope(s) expressed by a common hexasaccharide unit (12, 43). This cross-reactivity 
between 0139 pmLPS and CP accounts for the finding of the invention that 
30 pmLPS-TT Abs reacted with both encapsulated and non-encapsulated V cholerae 
0139 strains, and is consistent with observations that protection against V cholerae 
0139 can be mediated by Abs directed against either the LPS or CP of this novel 
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cholera vibrio (24, 25. 33, 34, 39). The invention demonstrates the efficiency of a 
conjugated pmLPS in eliciting an IgG response in mice and justifies clinical 
evaluation of this K cholerae 0139 conjugate. 

The invention also includes a method for immunizing human or 
5 animal against Vibrio infection, wherein said method comprises administration to said 
human or animal of a composition as defined hereabove, wherein Vibrio infection is 
preferably an infection from Vibrio cholerae and more preferably from Vibrio 
cholerae serogTOvp 0139. 

Therefore, the invention also includes the use of a composition 
10 comprising a conjugate compound comprising an O-SP unit of LPS of Vibrio 
associated to a core molecule of LPS of Vibrio bound to a protein cairier for the 
preparation of a medicament for preventing a Vibrio infection, more preferably a 
Vibrio infection from Vibrio cholerae and more preferably from Vibrio cholerae 
serogroup 0139. 

16 The instant invention further includes a conjugate compound 

comprising an O-SP \mit of LPS of Vibrio associated to a core molecule of LPS of 
f7i>rto bound to a protein carrier. 

According to a preferred embodiment of said conjugate, the Vibrio 
O-SP unit associated to the Vibrio core molecule is bound to the protein carrier by a 

20 covalent link. 

According to another preferred embodiment of said conjugate, the 
protein carrier is a bacterial protein, more preferably tetanus toxoid. 

According to yet another embodiment of said conjugate, the Vibrio 
LPS is from Vibrio cholerae^ more preferably from Vibrio cholerae serogroup 0139. 
25 According to yet another embodiment of said conjugate, the O-SP 

unit and the core are from two different Vibrio. 

The present invention will be further illustrated by the additional 
description which follows, which refers to examples of preparation and use of the 
conjugate according to the invention. 
30 It should be clearly understood however that these examples are 

given solely as illustration of the subject of the invention and do not constitute in any 
manner a limitation thereof. 
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Description of the drawings 

- FIG. 1. Overall structure of the LPS of V. cholerae 0139. The O- 
specific polysaccharide (0-SP) and the core structure are taken from Cox et al. (11, 
12) and the lipid A structure is arranged according to Kabir (26) and Wilkinson (48). 

5 The arrow indicates the lipid A-core bond hydrolyzed by acetic acid treatment; this 
treatment releases the polysaccharide moiety (0-SP + core) of the LPS (pmLPS). 

- FIG. 2. Analysis of polysaccharide preparations of V. cholerae 
0139. (A) Tricine SDS-PAGE (16.5%). The gel was stained with silver. (B) SDS- 
PAGE (10%). The gel was pretreated with Alcian Blue, a cationic dye that binds 

10 acidic polysaccharides, prior to silver steining. (C) Lnmunoblot analysis with 
hyperimmune 0139 mice antiserum as the probe. M, values are shown on the left 
MF: migration front 

- FIG. 3. Double immunodiffusions. A, mAb anti-LPS 0139; 1, 
pmLPS 0139; 2, LPS 0139; 3, CP 0139; 4, LPS Ol; 5, derivatized pmLPS 0139; 6, 

15 pmLPS-TT. 

- FIG. 4. Time course of amounts of IgM (■) and IgG (•) anti- 
0139 Abs, and 0 139 vibriocidal Abs titer (A) in serum of a single mouse immunized 
four times (arrows) with pmLPS-TT. 

- FIG 5. Protective activity of anti-pmLPS-TT Abs against challenge 
20 with 10 X LD50 of V. cholerae 0 139 in the suckling-mouse model: NI, pooled non 

immune sera; IS, pooled immune sera obtained on days 152 and 231 from mice 
immunized with pmLPS-TT. Health status was scored 48 h after challei^. 
EXAMPLE 1 ; Preparation and characterization of LPS, pmLPS, and CP. 

V. cholerae 0139 (strain M045, kindly provided by Y. Takeda, 

25 Kyoto University, Japan) was grown in Tryptic Soy agar (Difco) at 37'»C for 18 h. 
LPS was obtained by hot phenol water extraction (47), followed by enzymatic 
treatment (DNase, RNase and protease) and ultracentrifugation. The pellet containing 
the LPS had 0.5% (w/v) protein and less than 0.2% (w/v) nucleic acid. LPS was 
treated with acetic acid to hydrolyze the lipid A-core linkage (Fig. 1) (19). The 

30 resulting product is referred to as pmLPS. For the preparation of CP, LPS was 
removed from the ultracentrifugation supernatant by passage through a Sephacryl S- 
200 column in a buffer containing deoxycholic acid (37). Void volume fractions 
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containing CP. detected by refractive index and 10% SDS-PAGE in gels treated with 
Alcian Blue (a cationic dye that binds acidic polysaccharides) prior to silver staining 
(9), were dialyzed extensively against 10% (v/v) ethanol to remove deoxycholic acid 
(37). The LPS had 2 x 10^ endotoxin units/^g and the pmLPS had 10 endotoxin 
5 units/pg as assessed by the Limulus amebocyte lysate assay (21). This reduction by a 
factor of 2000 is consistent with previous data (16, 42). LPS from V. cholerae 0139 
gave two dense silver-stained bands (41) in 16.5% tricine SDS-PAGE (31) with Mr 
values of approximately 4,000 and 6,200 (Fig. 2A). LPS from K cholerae Ol .gave 
two bands vsdth Mr values of 4,000 and 15,000 (Fig. 2 A). This is consistent with the 
10 observation that 0139 O-SP has one hexasaccharide unit (12) whereas Ol O-SP has 
12-18 repeating monosaccharide units (27). In 10% SDS-PAGE (Fig. 2B), m gels 
treated with Alcian Blue prior to silver staining, 0139 LPS gave one band with a 
smear at the bottom of the gel and 0139 CP gave two bands with H values of 
100,000 and 200,000, consistent with the polymerized structure of this polysaccharide 
15 (28, 36). Both V. cholerae 0139 LPS and CP were recognized by an anti-0139 
hyperimmune mice serum in immunoblotting experiments (Fig. 2C). This is 
consistent with the observation that 0139 O-SP shares an epitope with 0139 CP (43). 
This hyperimmune mouse serum did not react v^th V. cholerae Ol LPS in the same 
conditions. Monoclonal Ab (mAb), prepared as previously described (6), were 
20 screened by ELISA against purified 0139 LPS and checked for specificity by 
immunoblot analysis against 0139 and Ol LPS, and by agglutination with K 
cholerae 0139 and Ol bacterial cells. Clone B-16-5, IgM class, was selected for its 
high avidity to 0139 pmLPS and 0139 CP, as determined by ELISA inhibition. 
Double immunodiffusion assay showed a single band of precipitate between LPS, 
25 pmLPS, CP, and the 8-16-5 mAb (Fig. 3). That pmLPS yielded a line of identity with 
LPS suggests that the 0-139-specific antigenic determinant was preserved during the 
purification of the pmLPS. No cross-reactivity was observed wifli LPS from 
V. cholerae Ol, serotype Inaba. The and ^'P NMR spectra of the pmLPS, recorded 
on a Bruker AC 300P spectrometer, were identical to those previously reported (11). 
30 The 'H NMR spectrum confirmed the absence of small organic molecules. 
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EXAMPLE 2i Preparation and characterization of Vibrio cholerae 0139 
conjugate. 

- Bacterial strain. 

V. cholerae 0139, strain M045, isolated in 1992 from a patient in 
5 Madras (India), was kindly provided by Y. Takeda (Kyoto Univeisity, Japan). This 
strain was used for preparation of 0 139 antigens. 

- Preparation of LPS and pmLPS. 

Bacteria were grown in Tryptic Soy Agar (Difco, Detroit, Michigan) 
in Roux flasks at ST^C for 18 h. Cells were resuspended in distilled water and LPS 

10 was obtained by hot phenol water extraction (47), followed by enzymatic treatment 
(DNase, RNase and protease) and ultracentrifugation (100,000 g for 3 h). The 
supernatant of ultracentrifugation was stored at -20°C. The pellet, containing the 
LPS, was dialyzed against distilled water and freeze-dried. This preparation contained 
0.5% (w/v) protein and less than 0.2% (w/v) nucleic acids. LPS was treated with 

16 acetic acid to hydrolyse the lipid A-core linkage (Fig. 1) (19). LPS (10 mg/ml in 1% 
(v/v) aqueous acetic acid) was heated at 100°C for 60 min. Precipitated lipid A was 
removed by low-speed centrifugation (350^ for 10 min). The supernatant was 
extracted with equal volume of chlorofoim-ethanol (2:1). The reaction mixture was 
shaken vigorously and centrifuged at 10,000^ for 30 min. The aqueous phase was 
20 dialyzed against distilled water to remove ethanol and then j&eeze-dried. The resulting 
product is referred to as pmLPS. 

Derivatization and conjugation of pmLPS. 
pmLPS was derivatized with adipic acid dihydrazide (ADKO as 
described for Haemophilus influenzae b and Shigella dysenteriae polysaccharides (7, 

25 22, 29). Polysaccharide (5 mg/ml in 0.2 M NaCl) was brought to pH 10.75 with 0. 1 M 
NaOH, and an equal amount of cyanogen bromide (10 mg/ml in acetonitrile) was 
added. The mixture was incubated for 6 min on ice and the pH was maintained at 
10.75 with 0-1 M NaOH in a pHStat 719S (Metrohm, Herisau, Switzerland). An equal 
volume of 0.8 M ADH in 0.5 M NaHCOa was added and the pH was adjusted to 8.5 

30 with 0. 1 M HCl for 3.5 hours at 4''C with the pHStat. Then, the reaction mixture was 
stirred overnight at 4*»C and dialyzed against demineralized water at the same 
temperature for 3 days. The contents pf dialysis bag were freeze-dried, reconstituted 
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in ultrapure water, passed through a P-10 Sephadex column and the void volume 
fractions were pooled and freeze-dried. 

The derivatized pmLPS (pmLPS-AH) was dissolved in 0,2 M NaCl 
at 5 mg/ml. An equal weight of TT (Pasteur-Merieux, Marcy-rEtoile, France) was 
5 added and the pH was adjusted at 5.3 with O.IM HCL l-EthyI-3-(3- 
dimethylaminopropyl)-carbodiimide (EDAC) was added to a final concentration of 
0.05 M and the pH was maintained with the pHStat for 4 hours at 4'='C. The reaction 
mixture was dialyzed against PBS at 4*^0 for 2 days and then passed through a column 
(1.5 by 90 cm) of CL-6B Sepharose in PBS. TT was detected by measuring the 
1 0 optical density at 2S0 nm and polysaccharide by detennining the re£ractive index. 

The extent of derivatization of the activated pmLPS was calculated 
as the ratio ADH/polysaccharide and was 5J2% (mol/mol). For the conjugate, tiie 
pmLPS/protein (wt/wt) ratio was 1.90%, corresponding to a 0.99 mol/mol ratio. The 
yield was 9.6%, as calculated by the ratio of the amount of the saccharide in the 
15 conjugate over the initial amount of derivatized polysaccharide. In 
double-immunodiffusion assays, mAb B-16-5 gave a line of identity with pmLPS, 
derivatized pmLPS and TT-pmLPS, suggestmg that the 0139 antigenic determinant 
common to O-SP and CP was preserved during the conjugation of the pmLPS 
(Fig. 3). 

20 Characterization of polysaccharide preparations. 

Double inmiunodiflusion was performed in 1% (w/v) agarose 
Gndubiose® IBF, Villeneuve-la-Garenne, France) m NaCl 0.5 M with 0.05% (w/v) 
NaNa. Protein concentration was determined by Lowry*s assay, using bovine serum 
albumin as the standard. The residual LPS, assayed by tbc Limulus amoebocyte 

25 Lysate (LAL) assay (Bio-Whittaker, Walkersville, Md) is expressed in endotoxin 
units relative to the US standard (21). Nucleic acids were detected electrophoretically 
by using 1% agarose plate with X DNA hydrolyzed by Hindlll as the standaxd. LPS, 
pmLPS and CP were analysed by 10% SDS-PAGE and either stained with 0.5% (w/v) 
Alcian Blue (9) prior to silver staining (41) or electrotransferred to nitrocellulose for^ 

30 immunoblot analysis. LPS and pmLPS were analyzed by Tricine SDS-PAGE (31, 49) 
using a 16.5% (w/v) running gel and a 4% stacking gel and silver stained. The *H and 
^'P NMR spectra of the pmLPS were recorded on a Bruker AC 300P spectrometn. 
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EXAMPLE 3 z PREPARATION OF Vihrln r^u^t^.^^ nf\^Y^^€-^YV^ 
" Bacterial strain. 

V. cholerae Ol CNRVC 950707, serotype Inaba strain isolated in 
1 995 from a patient in Mali, was used for preparation of Ol LPS- 
5 - Preparation of LPS and pinLPS. 

Same methods as described for V. cholerae 0139 (see example 2) 
Derivatization and conjugation of pmLPS. 

The only modification concerned the temperature of the incubation 
steps of the reagents in the pHStat which was room temperature for Ol conjugate 
1 0 instead of +4°C as previously described for 01 39 conjugate (see example 2). 
EXAMPLE 4 : Anti>Q139 and anti-TT Ah« r^i^p^ttc^ »f 
- Immunization 

Six week old female B ALB/c were injected subcutaneously widi 2.5 
M-g of pmLPS 0139 alone, or as a conjugate (see example 2), as described in the 
1 5 footnote of Table 1. A group of mice was immunized similarly with 2,5 of TT. LPS 
and TT Ab levels were determined by ELISA. Plates were coated with either LPS or 
TT. Serial twofold dilutions of mouse sera (1/100 to 1/6,400) were analyzed The 
secondary Abs used were either peroxidase-conjugated anti-mouse IgG (y 
chain-specific), or IgM (fx chain-specific). The results were calculated for each 

20 immunoglobulin class, as a percent of a high-titered reference serum arbitrarily 
assigned a value of 100 ELISA units (EU) by parallel line analysis with a program 
from the Centers for Disease Control and expressed as the geometric mean (35). 
Following the same method, anti-TT Ab level was expressed with respect to an 
hyperimmune mouse pooled standard serum prepared by repeated immunizations of 

25 mice with TT. Serum anti-Ol39 Ab titers are shown in Table 1. Pre-unmune sera and 
PBS control sera contained no detectable levels of Abs. After the second 
immunization, pmLPS elicited a moderate IgM response and a very weak IgG 
response, consistent with the response induced by a T-independent antigen. After the 
third immunization with pmLPS-TT, IgM titers were equivalent to those elicited in 

30 response to pmLPS. After the fourth immunization, pmLPS-TT elicited a very much 
higher IgG response than pmLPS (P = 0.001 1), lasting at least 231 days (P = 0.0046). 
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This IgG response demonstrates a booster effect and an immunoglobulin isotype 
switch. This strongly suggests that the pmLPS was functionally converted, due to the 
protein carrier effect, into a T-dependent antigen. In inhibition ELISA (42), the 
binding of anti-pmLPS-TT antibodies to 0139 LPS was inhibited by either 0139 LPS 
5 (amount of antigen yielding 50% inhibition: 8 jag/ml) or OI39 CP (1 ^g/ml). Serum 
anti-TT Ab titers are shown in Table L Pre-immune sera contained no detectable 
levels of anti-TT Abs. After the third immunization, pmLPS-TT elicited a significant 
increase in anti-TT IgG levels (P < 0.01), similar to that in mice immunized with TT 
alone. 

10 - Vibriocidal Abs response. 

The vibriocidal tests were performed as previously described <5) 
with two-fold dilutions (beginning with an initial 1:10 dilution) using K cholerae 
0139 strain MO10-'T4, a spontaneous nonencapsulated variant of MOlO (43), kindly 
provided by A. Weintraub (Karolinska Institute, Huddinge, Sweden), as flie target 
15 strain and Guinea pig serum as the source of complement. Hie vibriocidal titer vras 
defined as the reciprocal of the highest dilution of serum causing 100% bacterial lysis. 
Controls for each assay included, in addition to the usual cell control and complement 
control, a positive hyperimmune control serum with a titer of 1/2560. Consecutive 
sera of one mouse immunized with pmLPS-TT were tested for vibriocidal activity 
20 (Fig. 4). There was a correlation between the kinetics of the vibriocidal Abs titer and 
the anti-0139 IgG level (correlation coeficient = 0.89). Findings for sera from other 
mice inunxmized with pmLPS-TT supported this correlation. 

- Protective activity of anti-pmLPS-TT Abs. 

Suckling Swiss mice 5 days old and weighing 3.3 to 4.4 g were used 
25 for oral challenge experiments with V. cholerae 0139. A V. cholerae 0139 strain, 
isolated in 1992 from a patient in India and selected for its capacity to produce high 
levels of cholera toxin (5 ng/ml), was used for oral challenge in mice. After removing 
secreted cholera toxin, a dose of 3.5 x 10* V. cholerae cells (10 times the 50% lethal 
dose), preincubated for 30 min at 37*'C with inunune serum at various dilutions in 0.1 
30 ml, was delivered into the stomach with a blunt-tip feeding needle. Groups of mice 
that received vibrio suspension alone, PBS alone or Vibrio suspension with non- 
immunized mice serum served as controls. Mice were maintained at SO^'C for 48 h or 
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until death, and all surviving mice were scored as well or ill at 48 h. Mice were 
considered ill if they met all of the following criteria: diarrhea, markedly reduced skin 
turgor and poor response to stimuli. Mice that received pooled immune sera, 
collected on days 152 and 231 from mice immunized with pmLPS-TT, diluted 1:5, 
6 were significantly protected (Fig. 5). The level of protection decreased as the dilution 
of the pooled immune sera increased: protection was therefore dependent on dose. No 
protection was observed in mice that received pooled non-inunune control sera. 
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EXAMPLE 5 : Results obtained with the V. cholerae Ol conjugate 

Mice were immunized as previously described for V. cholerae 0139 
conjugate. Senxm anti-Ol antibodies titer at days 7 and 68 after the first immunization 
are shown in Table 11. 



5 

Table 11. ELISA titers of serum anti-PC cholerae Ol LPS antibodies 
in mice 7 days and 68 days after immunization with V. cholerae Ol conjugate^ 
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° Mice were injected subcutaneously with saline solution containing 
2.5 Jig of the conjugate three times at 2-weeks interval and were given a ft>urth 
injection 4 weeks laten The mice were bleed at days 7 and 68 after the first 
inmiunizatiorL 
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The K cholerae 01 conjugate elicited high levels of IgG antibodies 
compared to low levels of IgM. Conjugation of the V. cholerae Ol polysaccharide, 
therefore, conferred T-dependent properties on this polysaccharide. 
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CLAIMS: 

1. An immunogenic composition against Vibrio infection 
comprising an O-SP unit of LPS of Vibrio associated to a core molecule of LPS of 
K/Z?r/o or a polymer of said composition. 
5 2. The immunogenic composition of claim 1, wherein the O-SP unit 

associated to the core molecule of LPS of Vibrio is part of a conjugate further 
comprising a csurier protein. 

3. The immunogenic composition of claim 2, wherein the Vibrio O- 
SP unit and core molecule are bound to the carrier protein of the conjugate by a 

10 covalent link. 

4. The immunogenic composition of claim 2, wherein the carrier 
protein is a bacterial protein. 

5. The immunogenic composition of claim 4, wherein the bacterial 
protein is tetanus toxoid 

6. The immunogenic composition of claim 1, wherein said 
composition further comprises an adjuvant and/or a pharmaceutically acceptable 
carrier, 

7. The immunogenic composition of claim I, wherein the LPS is 
from Vibrio cholera. 

20 8. The immunogenic composition of claim 1, wherein the LPS is 

from Fzino cholera serogroup 0139, 

9. A vaccine composition protective against infection from Vibrio 
wherein said vaccine composition comprises an immunogenic composition according 
to claim 1. 

25 10. The vaccine composition of claim 9, wherein said vaccine 

composition is protective against infection from Vibrio cholerae. 

11. The vaccine composition of claim 10, wherein said vaccine 
composition is protective against infection from Vibrio cholerae serogroup 0139. 

12. A method for preparing a conjugate comprising an O-SP unit of 
30 LPS from a Vibrio associated to a core molecule of LPS of a Vibrio bound to a protein 

carrier, said method comprising: 

a) providing LPS from a F/6ria; 
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b) hydrolyzing the lipid A-core linkage for obtaining an O-SP unit 
associated to a core molecule; 

c) derivatizing the O-SP unit associated to the core molecule of step 

b): 

5 d) bounding the derivatized the O-SP unit associated to the core 

molecule of step c) to a carrier protein; 

e) collecting the O-SP unit associated to the core molecule bound to 
the carrier protein in step d. 

13. The method of claim 12, wherein the O-SP imit associated to the 
1 0 core molecule are bound to the carrier protein by a covalent link, 

14. The method of claim' 12, wherein the carrier protein is a 

bacterial protein. 

15. The method of claim 14, wherein the bacterial protein is tetanus 

toxoid. 

15 16. The method of claun 12, wherein LPS of step a) is fix>m Vibrio 

cholerae. 

17. The method of claim 16, wherein LPS of step a) is from Vibrio 
cholerae serogroup 0139. 

18. Use of a coniposition comprising a conjugate compound 
20 comprising an O-SP unit of LPS of Vibrio associated to a core of LPS of Vibrio bound 

to a protein carrier for the preparation of a medicament for preventing a Vibrio 
infection. 

19. Use of claim 18, wherein Vibrio infection is an infection from 

Vibrio cholerae. 

25 20. Use of claim 19, wherein Vibrio cholerae infection is an 

infection from Vibrio cholerae serogroup 0139, 

21. A conjugate compound comprising an O-SP unit of LPS of 
Vibrio associated to a core molecule of LPS of Vibrio bound to a protein carrier. 

22. The conjugate compound of claim 21, wherein the Vibrio O-SP 
30 unit associated to the Vibrio core molecule is bound to the protein carrier by a 

covalent link. 
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23. The conjugate compound of claim 21, wherein the protein 
carrier is a bacterial toxin. 

24. The conjugate compound of claim 23, wherein the bacterial 
toxin is tetanus toxoid. 

5 25, The conjugate compound of claim 21, wherein the Vibrio LPS is 

from Vibrio cholerae. 

26. The conjugate compound of claim 25, wherein the Vibrio 
cholerae LPS is from Vibrio cholerae serogroup 0139. 

27. The composition of claim 1 wherein the O-SP unit and the -core 
10 are from two different Vibrio. 

28. The conjugate of claim 21, wherein the O-SP unit and the core 
are from two different Vibrio. 

29. A method for immunizing human or animal against Vibrio 
infection, wherein said method comprises administration to said human or animal of a 

15 composition as defined hereabove, wherein Vibrio infection is preferably an infection 
from Vibrio cholerae and more preferably from Vibrio cholerae serogroup 0139. 
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